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CHAPTER 1
INTRODUCTION

Americans are bombarded almost daily by books, magazines, newspapers,
television, and radio on the subject of the impending crisis involved in
extending our educational resources to cope with expanding and changing
education and technology. The crisis and its special implications for
higher education are documented by the American Council on Education (see
Venn, 1964). The curriculum development, research, and dissemination ac-
tivities undertaken in the present project represented an attempt to point
a way toward an alleviation of a portion of this educational crisis.

Our total educational effort in the United States is faced with a
number of major challenges. One of these comes from the mushrooming
growth of the school population at all educational levels, which has re-
sulted in a nationwide shortage of teachers and instructional facilities.
The indications are that this inadequacy is likely to persist for some
years. However, the problem is more difficult than that associated with
the mere expansion of present educational effort. A major problem is
associated with the change in the job that schools and colleges are being
asked to perform for society; changes in the society itself which edu-
cational institutions serve are {ncreasingly dramatic and complex. The
situation may be summarized by saying that at a time when the educational
enterprise is being asked to expand itself, both with regard to personnel
and instructional facilities, at the greatest rate in all history, it is
at the same time being asked to increase the breadth, the depth, and the
scope of education.

In attacking the problems of educaticn, the first encountered diffi-
culty is that the total resources available for educational development
are quite limited relative to the magnitude of the task to be undertaken,
which society regards as important. Thus, it is necessary to accept pro-
gress toward these goals as less than would be desired under ideal con-
ditions, and to recognize priorities of greatest importance as primary
tasks. The difficulties go well beyond the mere resource allotment in a
monetary sense. In order to get a feeling for the extent to which this
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s true, it is well to consider specifically the nature of ideals which

are becoming generally accepted for future public education in this coun-
try: (1) the length and scope of sducation freely available to each
person in the entire population are to be extended as soon as feasible

to encompass all of the education that will benefit a person;] (2) no
significant fraction of the population should receive an education which
can be regarded as being of poor quality; (3} education is a major pro-
cess continuing throughout the 1ife of the individual.

If one considers these ideals as goals, it becomes apparent that
there are greater impediments to attaining some of them than the diffi-
culty of obtaining the very substantial economic resources required. As
a nation, we can no longer afford the luxury of merely trying to do more
of what we have been doing in the past. Thus, the decision to increase
significantly the content of education at all levels has very far reach-
ing implications for the in-service education of teachers.

Perhaps the greatest difficulties of all do not arise directly from
the requirements being placed on educational institutions, but stem from
changes in the character of society itself. Surely, the most important
single socio-economic phenomenon of the present era is the rapid shift
from an economy based on 1imited-skill labor to one which rests on fntel-
ligent personal service of an increasingly technical nature, Moreover,
at a time when jobs are becoming increasingly technical, it is also true
that the technical competence required of workers is changing at an
accelerat.ng rate. In many vocational and professional areas today, the
rapidity of technical and scientific advance has become so great that it
is literally impossible to create academic curricula which are not
obsolete at the time of their inception,

In a sense, the problem of the rapid obsolescence of curricula
arises whenever the period of significant technological change is com-
parable to, or shorter than, the period required to train the majori ty

]Cf. Policy Statement on education issued by President Johnson on
November 4, 1964, " . . . every child has the right to as much educa-
tion as he has the ability to receive. I believe that this right does
not end in the lower schools, but goes on through technical and higher
education, if the child wants it and can use it., . . ."
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of those who must teach the material. The accelerating pace of techno-
logical development implies that such conditions are going to become
more and more general until they impact education across the board. It
follows then that the methodology of education, the concept of teacher
training, and the general structure of education must all be expected to
undergo the significant and drastic changes in the near future. The
widespread demand for the use of greater intelligence in the world of
work is complicated by the need for more functional learning and under-
standing on the part of a mushrooming white collar society.

Indeed, the greatly increased technical content of job requirements,
the correspondingly longer trafning periods‘needed to attain a given level
of training, and the ever-changing character of the subject matter, al-
ready are imposing great burdens on existing efforts in education and
are creating an impetus for change in the methodology and structure of
instructional processes.

Clearly, new methodologies and techniques of education are of great
importance where they seem capable of overcoming these fundamental diffi-
culties. The technical approach which has been the focus of this
investigation may be described as computer-assisted, teacher-supervised,
self-study, and hereafter referred to as computer assisted instruction
(CAI). There were a number of reasons to suggest that this approach
might be fruitful: (1) potent1a11y, it permits an efficient use of ex-
pensively and highly educated teachers, and thus a substantial increase
in the student-to-teacher ratio; and (2) at the same time, it makes
possible an acceleration and individualization of instruction to an ex-
tent which has often been dreamed in theory, but rarely achieved in
educational practice. |

Specifically, the objectives of the project were as follows:

1. To determine the feasibility of using college teachers with
limited knowledge of digital computer systems and computer programing
to prepare various subject matters for presentation by the computer.

The teachers were aided in the preparation of thase materials by the use
of a special computer language developed especially for teacher-authors.
This language, known as Coursewriter, allows an author to program the
computer to present materials on the basis of the students' responses by
the use of a relatively small number of_logical commands. One purpose




of the project was to suggest improvements in the author language on the
basis of actual author experiences. An anticipated outcome of the pro-
Ject was a more efficient special computer language for course writing by
teachers. In addition, the feasibility of teaching several different
subjects simultaneously by mcans of the computer was an important part of
this objective.

2. A second objective was to ascertain the reactions of students to
the course materials presented by computer-assisted instruction. Authors
were encouraged to try out alternative teaching strategies in CAl so that
preliminary evidence could be obtained to determine which methods of pre-
sentation would be most acceptable to the student. No attempt was made
to undertake large-scale evaluations using large samples of students;
however, preliminary student data for approximately 80 college students
are reported in Chapter IV (p. 73). |

3. A third objective was to make rough comparisons of the effective-
ness of the computer presentation of course materials with the lecture-
discussion method. No systematic comparisons of CAI and conventional
lecture presentation were made; however, some informal comparisons were
made to help evaluate the quality of the CAI materials. These preliminary
comparisons did not involve full-length courses, but were confined to
sections of the courses. The principal investigators question the value
of a methodology consisting of teaching methods comparisons. Rather
than attempting to "reject the null hypothesis" with regard to comparisons
of CAI with traditional instruction, it was expected that such comparisons
would help improve existing course materials and hé1p identify a rationale
for integrating sections of CAI courses with existing curricula. If CAI
is to be an important educational medium in the future, the situations in
which its use 1s most desirable must be quickly identifiad as well as the
methods for best integrating 1t into the general educational process. The
experiences of the teacher-authors repcrted in a later section of this
report bear on the above question. In addition, several researchable pro-
blems related to the use of CAI, and methodologies for such research have
been developed as part of the present project. Although full-fledged ex-
periments have not as yet been undertaken, some pilot studies have been
completed.
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4. A fourth objective‘was to provide demonstrations of a functioning
prototype of a computer-assisted instructional system which could be ex-
panded to provide tutorial service to an entire school or group of schools.
Dissemination of information is a serious problem in educational research.
By means of 1ive "hands on" demonstrations, and video tape recordings of
students working with CAl, the investigators hoped to make some inroads
into the problem of dissemination.

5. A fifth objective of the project was to determine the feasibility
of a computer-assisted instructional system in which course material and
student responses are teleprocessed over some distance between teaching
terminals and a centrally located computer. wWhile the chief purpose in
teleprocessing in the present project was to eliminate the need for an ex-
pensive computer system and programing support, there are educational
situations in which remote instructional terminals might be the most desir-
able feature of a CAI system. One such application would be a continuing
education program, such as updating the training of graduate engineers.
Another application which the investigators expect to explore in Pennsyl-
vania 1s the use of CAI materials for the in-service education of elementary
school teachers. <

6. The sixth and final objective was to develop CAI curricula of
sufficiently high quality to be used in luter rasearch studies with actual
college and high school students. While the primary purposes of the in-
vestigation were the five listed above, CAl offers many opportunities for
research on problems of complex human learning and instruction. A com-
puter-controlled instruction system offers opportunities for carefully
manipulated presentation of verbal stimuli and instructional materials
rarely possible in previous research on instruction. The courses were
developed in such a manner that they are readily amenable to experimental
manipulations and research on student learning. A number of investiga-
tions have been proposed, and the results of several pilot investigations
are located in Chapter IV (p. 73) of this report.




CHAPTER 11

DESCRIPTION OF THE COMPUTER-ASSISTED INSTRUCTIONAL
SYSTEM AND RELATED LITERATURE

Computer assisted instruction may be thought of as a way to enhance
the effectiveness of teachers and the teaching process through technology.
In the past, devices such as motion pictures, filmstrips, workbooks, and
language laboratories have been incorporated into educational practice to
facilitate and extend teaching; generally, these devices have been used to
automate traditional methods of teaching and not necessarily to make learn-
ing more functional. Regardless of the device, the general approach here
has been to maintain the traditional method of teacher-mediated group
instruction in the more or less conventional classroom situation.

The publication of Skinner's Science paper in 1954 set forth an alter-
native approach to the achievement of educational goals. Programed in-
struction specified desirable terminal behaviors and used the principles
of a learning theory to establish a means of attaining these behaviors.

The learning sequences in Skinner's plan were individualized in linear
programs through self-pacing, or more recently in branching programs
through the formulation of different sequences on the basts of a student's
last response. Early in the movement, machines were fabricated to present
these programed materials; however, it was found in most cases that the

use of hardware did not enhance learning over the use of the same materials
in text form (Goldstein & Gotkin, 1962).

Research and development involving the use of a computer to assist
in the instructional process may be thought of as being related to teach-
ing machine technology; but, CAI, because of its flexibility, decision
logic characteristics, and sophistication of input-output modes, must be
considered as a quantum advance over tradftional programed instruction.
Projects using a computer for instruction are similar to each other bSut
differ in their emphasis. The flexibility of the digital computer allows

The 1nvnstigators are indebted to Dr. E, N. Adams for the basic
analysis of the field as contained in this chapter.



for a variety of themes different from and richer than the themes of pro-
gramed instruction as represented in the programed text or sfmpie teaching
machine. One such theme has been the use of sophisticated input and out-
put displays to facilitate communication between the student and the
system, e.g., cathode ray tube display, various large capacity random
access visual and audio devices, special response keyboards, light pens,
etc. These special interfaces between learner and computer are no doubt
necessary with children and certain adult populations (blind learners,
for example), but probably are not essential with most adults. They are
particularly attractive to the psychologist interested in research, but
at the same time do not stimulate similar research in other laboratories
because the equipment used is generally of experimental or prototype
construction and 1t is extremely expensive. Two efforts that emphasize
this theme in computer teaching are those of Bitzer (1962, 1964) and
‘Suppes (1964). )

A second theme has been to adapt course organization to individual
student's needs. Here the concept is to monitor and analyze student
performance; and, on the basis of this performance plus other historical
information about the individual student, continually adjust the course
organization to optimize it for a particular student's progress. Such
tailoring of materials to an individual student is highly desirable but
of relative high cost because considerable computer capability would be
needed for 2ach student. To some extent, this has been the approach |
taken by Stolurow (1963) and Smallwood (1962).

A third theme has been that of tutorial interaction. The concept
here 1s that the high-speed logic of the computing machine reacts to the
detailed features of student pertormance on specific tasks, records the
efforts of the student in dealing with these tasks, and presents appro-
priate remedial or accelerated action where the student is not succeeding
or is insufficiently challenged. The tutorial interaction is supple-
mentary to the strategic job of adjusting the arrangement and difficulty
of the tasks and their manner of presentation to the individual student.
This approach is exemplified by the effort at the IBM Research Center
(Uttal, 1961, 1962).

A fourth theme has been the process of simulation and gaming inter-
action between the student and the machine. Here the role of the machine




s that of simulator of a process or as an opponent with which the student
tnteracts just as he interacts with process or persons in laboratories or
real situations. This theme is prominent in the work at Bolt, Beranek

and Newman, Inc., (Swets, 1962) and Wing at the Board of Cooperative Educa-
tional Services, Westchester County (N.Y.) Public Schools.

In addition to the above studies, the reader may find the review by
Dick (1965) helpful in providing additional background in the development
and status of computer-assisted instruction.

The present investigation of computer-assisted instruction emphasized
tutorial interaction and made 1imited usage of the other themes described.
The writers believe that each of the emphases described above represents
a valid conception of an approach to the use of computers as educational
aids, but that the tutorial approach may be the most practical. Current
and projected nceds forced the investigators to consider computer instruc-
tional cost, both for the deQelopment of courses and the administration
of these courses by the computer in "production" teaching. The investi-
gation sought to establish a flexible interface between the learner and
the computer, but at the same time to utilize a system that would be
justifiably economical in the long run to allow for wide-scale adaptation
to a variety of educational operations.

The main outcome of the present project was the development of four
college courses for presentation via CAl. Unlike most developmental
projects in CAI, the present project was not concerned with the invention
of terminal hardware or the writing of computer programs in machine
language. These tasks have been avoided by using a commercially avail-
able typewriter terminal as the interface between the computer and the
student, and the Coursewriter language developed at IBM's Thomas J. Wat-
son Research Center for controlling this interchange. Virtually all of
the efforts of the project have been devoted to the preparation of
educational materials to be presented by the computer.

The Coursewriter language enables an author, with a minimum of
special training, to include questions, problems, assiguments, correct
answers, incorrect answers, provisions for unanticipated answers, know-
ledge of results, and branches or alterations in the sequence of his
course, In addition, an author can employ a process of recordkeeping
known as Student Records, which will record and accumulate in storage




all student responses and response times. This latter feature is useful to
authors for the purpose of analyzing and improving the course content, in
revising early trial versions of the course, and as a basis for counseling
and advising students who were using the course material. Additional opera-
tions in Coursewriter can call for the presentation of visual material
stored on 2 x 2-inch s1ides or audio material stored on magnetic tape at the
student's terminal. This presentation is mediated by a computer-controlled
random access slide projector and tape recorder which appears to have sub-
stantial motivating effects on students. Recently, a number of functions
have been added to Coursewriter which do not require the student to exactly
match an answer anticipated by the instructor. One of these functions per-
mits partial answer processing of student answers. By means of these
functions, the computer can be instrucied to ignore trivial characters

such as commas, periods, spaces, differences in word order, and misspell-
ing if desired. A slightly more detailed description of the Coursewriter
language is given in Chapter I1I.

The computer system employed in the investigatfon was an IBM 7010
(having compatibility with the IBM 1410), with remote IBM 1050 typewriter
terminals. The main computer is located at the I8M Thomas J. Watson Re-
search Center in Yorktown Heights, N. Y., while the typawriter terminals
are located on the campus of The Pennsylvania State University. Trans-
mission of information between the Penn State terminals and the central
computer takes place over long distance telephone -1ines by means of tele-
processing. The instructional terminal (e.g., the IBM 1050) consists
essentially of a modified IBM Selectric typewriter which permits two-way
cormunication between a student at Penn State and the computer at Yorktown
Heights. The terminal also contains a random access slide projector and
tape recorder attachment. Course material can be presented to a student
by typeouts, slides, or tape recordings. In answering a question or prob-
lem, the student types his answer at the terminal and relays it to the
central computer. The computer then provides knowledge of results to the
student, remedial information, or the next problem.

In addition to the student instruction mode, the typewriter terminal

“can also be used in "author mode" for fnput of course material, revision
of course material, or for author testing of course material. The course
input is transmitted to the computer where it is stored on high speed




10

magnetic discs to which the computer has selective access to any part,

In addition to "on-1ine" input of course materials, the use of a card
punch attached to one of the typewriter terminals permits off-line course-
writing on 1BM cards. The cards can then be shipped to the central com-
puter and transferred to disc or tape storage. This latter procedure
frees more on-line teminal time for student instruction,



CHAPTER 111
PREPARING COURSES FOR COMPUTER PRESENTATION

As aforementioned, courses have been prepared for presentation via
Computer Assisted Inswvruction by means of a language known as Coursewriter.
Although a complete description of the language is beyond the scope of
this report, a summary of the functions of each of the operation codes
is given below. A complete manual for the Coursewriter language is in
preparation as an extension of the current Penn State program.

Summary of Coursewriter Operation Codes

rd - Computer types text and waits for the student to signal
completion. Commonly used to display a rcading assign-
ment to a student.

qu - Computer types text and waits foristudent to respond.
Commonly used to display questions or problems to a
student.

€2 - Correct answer to be stored in memory for comparison with
a student's answer,

¢b - Similar to ca, 1s used to identify one of a set of alter-
native correct answers when the subsequent action is the
same regardless of which answer in the set is given by
the student.

wa - Wrong answer to be compared with student's answer.

wb - Similar to wa, is used to identify one of a set of wrong
answers when subsequent action is the same for all
answers in the set.

un - Text to be typed i7 the student's answer is not one of
the specified correct or wrong answers.

ty - Computer types text and continues without waiting for a

response from the student.

br - Branch--alters the sequence of execution. Branches can
be unconditional, {.g., not contingent upon a specific
wrong or correct answer, or conditional upon the number
of errors made by a student on a previous series of
questions.,

X1 = Yime limit--maximum number of seconds to wait for student
to respond may be specified following this code.

ad - Add a quantity or the contents of a counter to a counter.
Commonly used for accumulating a student's errors and
response times. The contents of a counter may be tested
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by means of a conditional branch, and the course
sequence altered depending on the contents of a
student's counter.

Instructs the computer "“if not the preceding then do
the following." It is used prior to each partial
answer function and causes no interaction with the
student,

The fn statement is used to "call in" or activate
a function.

slide//nnn - Used to present a slide; nnn represents
the number of the slide to be displayed.

s1ide//nnnx - This function will seek and position
slide nnn, but will not show the siide until a dis-
play slide function (see preceding function) occurs
in the program.

dx// - This function will display the contents of
an x-counter to the student specifying time.

wait// - This function allows the author to delay the
program before continuing execution.

tape//nnn - This function will play tape recording
number nhnn.

tape//nnnx ~ This function will seek and position
tape recording number nnn but will not play the re-
cording until a tape play function (see preceding
function) occurs in the program.

dc// - The display counter function is used to display
e contents of a counter to the student.

1f// - The long feedback function is used to process
student answers which are partially correct. The

usual ca, cb, wa, and wb statements require an exact
match With the student™s answer. 1f compares a
student's answer with the subsequent ca or wa and
identifies long segments of the answer which are matched.
If the number of characters in the segments matched at
least equals the per cent specified by the author, the
function is satisfied and the matched portions are typed
out with a "-" typed for each missing character still
remaining. The function programed "fn 1f//50" speci-
fies a 50 per cent match.

mf// - The medium feedback function is essentially
the same as the 1f function except that it will recog-
nize medium length segments; therefore, it is easier
to satisfy than the 1f.

sf// - The short feedback function is the same as the
f and mf functions except that it will recognize the

shortest matched segments (individual characters);

therefore, 1t is much casier to satisfy than the 1f
and mf.

12
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fn  1t, mt, and st refer to long test, medium test, and
short test functions. They are analogous to the 1f
mf, and sf functions in providing partial answer pro-
cessing of student answers; however, they do not
provide the feedback of typing back "-" for missing
characters.

fn  kw// - The keyword function allows an author to specify

one or more keywords which must be matched in the
student's answer.

The above 1ist of operation codes taken from the IBM Coursewriter
manual (1965), although not exhaustive, covers most of the basic opera-
tions 1in the language. A reproduction of the course as it is stored in
the computer 1s shown in Figure 1 (p. 13). Each operation code has an
accompanying sequence number which 1s used to identify and sequence the
- course material. In preparing his program for the computer, the author
"prefaces segments of the course with the appropriate operation codes.
The operation code indicates to the computer how the argument of that
operation code is to be used. For example, the entry for a question con-
sists of a qu followed by the text (argument) of the question. The qu
code instructs the computer to type the question (argqument) on the
terminal and wait for the student to respond.

Sequence No Label Opr Mode Argument

2a-0010-010 intr0 qu ¢ 0
aa-0010-020 ca
aa-0010-030 ty
aa-0010-040 wa
2a-0010-050 ty

Fig. 1. Reproduction of CAI Course Segment

The amount of material stored at any given sequence number (referred
to usually as a "1ine") is dependent upon the operation code used. Thera
1s no limit to the amount of material which can be stored in the argu-
ment of a rd, qu, ty, or un statement. If the statement is a ca, cb, w1,
or wb, the argument is limited to 99 characters plus the E0OB signal.
Characters are letters, spaces, upshifts, downshifts, or any other singie
key operation on the typewriter terminal. The ca and wa used with either
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characters,

The label is an identifying name for any statement in the course.
The label provides a meaningful symbol which can be branched to by using
a br statement,

One major objective of the present project was to test the feasibility
of having regular college faculty members with minimal computer experience
prepare courses for Computer Assisted Instruction. College level courses
were prepared in four subject matter areas: audiology, modern mathematics,
cost accounting, and engineering economics. Table 1 (p. 14) provides a
summary of the course materials completed in the four course areas as of
May 31, 1965. The values {n this table are approximate, and include no
indication of the number of statements1 revised or rewritten,

TABLE 1

A Summary of Programed Materials Completed for Computer
Assisted Instruction in Four Course Areas

Approximate number of

statements in computer storage Number of
Course or ready for storage completed displays
Audiology 3,900 12
Cost Accounting 7,000 30
Modern Mathematics 9,252 126
Engineering Economics 3,710 121

As can be seen in the sample of courses which follow, considerable
variability exists in the programing strategies used by the different
authors. This variability seems to be a function of differences in course
content, the ease of programing different courses for the computer, and
the authors' teaching preferences. For example, one of the authors is
using primarily an inductive approach in which examples and probiems are
illustrated followed by questions designed to help the student discover
the principle involved. Several authors employ a large number of branches

1A statement consists of an operation code and argument,



15
v

to remedial or explanatory material, while others present explaratory
material in the main trunk of their program. Some authors use a liberal
number of prompts or hints to elicit student responses, while others re-
quire the student to do more independent searching for correct answers.
Differences also exist in the kinds of questions that have been used
(multiple choice, single word completion, true-false, multiple word con-
structed response) and in the quantity and quality of knowledge of results,
feedback, and reinforcement. These "built in" differences among and within
courses provide ready-made materials for future experimental tests of the
effectiveness of the different methods of presentation.

Our experience with programing different courses suggests that
although most subject matters can be feasibly taught via CAI, some are
especfatly well sufted for computer-assisted instruction. For example,
the presentation of visual and auditory materials via the slide projector
and tape recorder would seem to be particularly effective where they
provide nonredundant information to the learner. Simply presenting
material on slides and tapes which can be presented as well by typeout
to the student holds no great advantage for learning other than whatever
advantages accrue from repeating the communication in the different sen-
sory modalities. In many courses, however, information can be conveyed
by the slides and tape recordings which could not be effectively trans-
mitted to the learner by any other means. Although our experience to
date has been primarily with visual displays printed in a workbook (the
audio-visual tape and slide unit was only recently incorporated into the
teaching system), this experience indicates that several of our courses
are particularly well suited for the use of slides and tape recordings.
For example, slides are being developed for the audiology course which
portray various pérts of the humen auditory system. The slides are being
developed in a manner similar to overlays emphasizing one section at a
time until an entire anatomical system is displayed. Another particularly
interesting use of the tape recorder is planned in the audiology course.
Samples of pathological speech will be played for the students whose job
1t will be to learn to identify the different speech problems.
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Training CAI Course Authors

The present project was one of the first to implement the prepara-
tion of course materials for CAI using the Coursewriter language and
teleprocessing from remote terminals. For this reason, problems were
encountered early in the project which can now be avoided in future
CAl projects. Although several short training workshops were held for
the project staff by IBM personnel, it is fair to say that most of the
project staff were to a great extent self-taught. Guidance was avail-
able to authors in the areas of learning and instruction; and as the
project progressed, more experience was gained with CAI. Additional
assistance became avatlable to authors in the relatively unknown area
of how to use the Coursewriter language to implement principles of
instruction. It is hoped that our early experience with CAI will be of
some help to other investigators who plan to do work in this area.

Although Coursewriter is a relatively simple language to use when
compared to other more traditional programing languages such as Fortran,
Daft, Algol, and Autocoder, a considerable amount of time was spent dur-
ing the first few months of the project learning to use the language.

In the judgment of the investigators, training authors in a more sys-
tematic fashion by means of a two- or three-week workshop to provide
supervised coursewriting experfence would be superior to the trial-and-
error training necessitated 1n the present project. The training of
authors in the early stages of the project was hampered by several prob-
lems: 1) the CAI hardware itself had only been recently installed and
debugging was being completed; 2) the Coursewriter language was in the
process of being written and revised, and thus, was constantly changing
from week to week; 3) authors were faced with the more difficult prob-
lem of fully utilizing the instructional potential of CAI. It is
anticipated that as more experience is gained with computer-assisted
teaching systems, problems of author training will be minimized.

Aside from learning the Coursewriter operations, the most difficult
problem facing a potential author of courses in CAI is that of utilizing
the dynamic properties of CAI coursewriting. Preparing materials for
CAl is very much different from one's experience preparing materials for
a traditional lecture class of 40 or 50 students. Most traditional
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lectures, 1ike earlier forms of programed instruction, involve essentially
linear teaching strategies. To conceive of and develop a course which
will adapt to the abilities and interests of any learner in a population
of learners exhibiting typically wide individual differences requires
skills which have frequently not been acquived by many teachers, nor have
they often been taught in teacher training institutions. The most likely
reason for the neglect of these skills for individualizing instruction is
the great complexity which they introduce into the design of teaching
strategies and instructional materials. Within the domain of adaptive

CAI programing, one can conceive of multiple track and hierarchical instruc-
tional strategies which are difficult to visualize. A number of the
authors have flow charted their courses prior to the actual production of
the course. Flow charting has the advantage of forcing an author to state
his objectives prior to course development, and to draw out varicus routes
through the course by which students of different abilities and interests
can reach these objectives.

j The use of adaptive CAl programing also involves some assumptions
about the nature of student learning which are frequently either un-
accepted or ignored in traditional teaching situations. The use of
adaptive teaching systems such as Computer Assisted Instruction assumes
the variability in attainment of learning objectives among different
learners can be substantially reduced. Although some psychologists find
evidence for a genetic 1imit in a student's learning ability, recent
evidence points to the great malleability of such variables as measured
intelligence and school learning. One of the most striking early findings
of the present investigation (more fully reported in Chapter IV, p. 73)
was the great spread of criterion test performance among college students
on CAI courses specifically designed to include remedial work and adap-
tation to individual differences. In one section of modern mathematics
containing approximately 50 per cent remedial work given to students
having difficulty in the main course, criterion achievement test scores
ranged from 5 to 23 on a 23 item test. The reader should note that these
were a select sample of college students having generally high mean aca-
demic aptitude test scores and low range. That such widespread vari-
ability in learning was found among such students can only stem from a
failure of the instructional strategy. One of the most valuable
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attributes of Computer Assisted Instruction for training instructional
programers is the ease with which authors obtain feedback concerning the
adequacy of their courses. In the normal classroom situation, feedback
concerning one's teaching procedures is frequently delayed tos long for
the feedback to be relevant. In CAl, feedback concerning one's course
can be obtained almost immediately by signing on as an author-student to
test the course. Rarely does the c¢lassroom teacher have an opportunity
to "sit in the student's shoes"; however, such experience is the rule
rather than the exception in CAI. 1In addition to having firsthand ex-
perience as a student on one's own course, information concerning the
performance of reqular students is readfly available. Such students have
been used to provide information concerning "debugging" of courses, and
to help diagnose the strengths and weaknesses of a course.

Capabilities for rapid revision are required of an instructional
system if feedback concerning the adequacy of instruction is to lead to
improvements in the course. One of the major advantages of CAI is 1its
potential for rapid revision of course materials. Depending on previous
scheduling of computer time, minor revisions can often be made the same
day, while more extensive revisions can be made within several days.
Thisis aparticularly important characteristic since the preparation of
course material frequently requires considerable revision to smooth out
minor defects.

Most of the "bugs" encountered in the present project can be
attributable to author errors in programing and to the author's inexperi-
ence with CAI. Preliminary results concerning the incidence of mechani-
cal malfunctions have been highly encouraging especially in view of the
complex electronic system involved. One objective of the project was to
test the feasibility of teleprocessing course material to remote iastruc-
tional terminals. A check of a sample of 10,374 statements of program
completed by a small sample of students showed that transmission errors
occurred in only 0.2 per cent of the statements. On the basis of these
preliminary results, we can conclude with some certainty that Computer
Assisted Instruction at remote terminals via teleprocessing is
surprisingly free of mechanical malfunctions.

One of the major results of the project was the development of four
workable CAl courses. Although some of our course materials are still
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in need of "debugging" and student testing, it is fair to say that these
"first drafts" form the basis of satisfactory CAI course materials. -Some .
sections of the courses have been tested with students, and preliminary
evidence reported in Chapter IV (p. 73) indicates that the students gener-
ally reacted favorably to them., Owing to the length of the courses [see
Table 1 (p. 14)], reproduction of the entire four courses is beyond the
scope of this report. However, one section of wach course is presented
here in the form of coded author input to provide some indication of the
kinds of materials being prepared. Following the author materials, a
short section of student typeout (i.e., course material encountered by
the student in taking the course) 1s presented. 1In the courses which
follow, slide, tape or other display materials are presented between the
solid lines where they would actually occur. Occassional explanations of
coding are also presented between the solid lines.

Preceding each sample of cours¢ material, the authors have prepared
a brief statement describing the course, the results of any preliminary
evaluations they may have comp]eted.'and problems they encountered during
course preparation. These statements are presented to provide future CAI
course authors with the benefits of the reactions of our authors.

Introduction to Audiology

Prepared by:
Bruce M. Siegenthaler and Jeffrey Katzer

Speech Pathology and Audiology 430 is our first course in audiology.
It has the title "Introduction to Audiology” (3 credits) and normally is
taken during a student's junior year of undergraduate study.

The objectives of this course include the following:

1. Introductory survey of the field of audiology

2, Development of a knowledge of technical terns used in
audiology

3. Classification of information regarding the anatomy and
physiology of the normal ear and of ear diseases at a
survey level

4. Understanding of general principles of hearing testing
and development of skill in administering pure tone air
conduction tests and their interpretation

5. Survey of rehabilitation measures for hearing handicapped
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Although the course is required during the junior year of the
undergraduate SPA.curriculum, and the major enrollment is by students so
enrolled, the course is also taken by a number of graduate students in
the master's program in SPA, and by students from outside SPA who minor
fn this field.

During the Winter Term 1965 we completed a small-scale evaluation
of CAI as applied to SPA 430. Of the approximately 25 students enrolled
in the class, 12 volunteered to participate in CAl as supplementary to
class attendance. These 12 volunteers were divided by a random process
into two groups, one to raceive CAI and the other not. A1l students
enrolled in the course attended the three lectures per week. However,
the six selected students spent time on the comouter terminal to complete
the amount of material on anatomy and physiology of the ear then programed.
At the end of the first third of the course {when the work on anatonmy and
physiology was completed), all students received the comprehensive test
on that material. The test response papers allewed us to analyze test
scores of students who had not volunteered for CAl, of students who
volunteered for CAI but who were not selected, and for students who
volunteered and were selected. Furthermore, for the CAI selected students,
we were able to compare their scores upon those questions supplemented by
CAI and those questions not supplemented by CAI.

The results, based upon a very small sample as cited above, did not
indicate a clear-cut advantage for the students receiving CAl either for
the CAI related questions or for the non-CAl related questions. However,
1t must be remembered that all students attended all lecture sessions
and therefore all received the same instruction via lectures.

Students' subjective evaluations of the computer program were highly
enthusiastic. Some of them were able to complete all of the program
material in as 1ittle as two hours on the terminal, while others required
about six hours. Those who were on the terminals commented that they
felt they had benefited by the instructicn (although their scores did not
clearly indicate this), and all of them expressed a high level of interest
and motivation to continue with additional CAI activities.

Thus .far the advantages of CAI for SPA 430 are only based upon
subjective evaluations or upon projections of what we would like to do.
Specifically, apparently the technique holds promise for significantly
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shortening the amount of time a student will have to spend per week on
the course content. Students should be able to move through the material
at their individual learning rates with as 1ittle or as much time as each
student needs to complete the material. We feel that a modification of
the terminal ought to simulate the audiometric test situation in a
realistic manner which would allow us to give students considerable
practice helpful in pure tone test administration to an extent not now
possible with our present facilities.

Sample Program

LABEL  OPR MODE  ARGUMENT
qu This is Computer Assisted Instruction (CAI) for

the Penn State course Speech Pathology and Audiology
430: Introduction to Audiology. SPA 430 will be
taught by individual work at this terminal and by
classroom tnstruction. There will be one classroom
period per week. It is the student's responsibility
to obtain the required instruction after each class-
room period at this terminal before the following
class period.

The text for this course is Audiology (2nd
edition) by Hayes A. Newby. As we shall be refer-
ring to {t often, bring the text with you to all CAI
sessions, as well as to the class period.

You may find the CAI terminal procedure a bit
complex during your first week's instruction.
However, students rapidly become the master of the
situation. If, during your instruction, either the
terminal equipment or the course material is not
functioning properly, notify the secretary for
information or materials you will need during your
CAI sessions.

There are several ways in which material will
be presented to you. To find out one of them, type:
slide

Do not forget to press the necessary: EOB afterward
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LABEL  OPR MODE  ARGUMENT

ca slide

nx

fn kw//2

ca »S,1ide ,

un Read the last sentence of the preceding material and
type the word: slide then press: £0B

This material is simply an introduction
to the audiology course. The coding immedi-
ately above tllustrates the keyboard function
le.g., fn kw//2). The computer compares the
student's response with the ca "slide," and
if a match ig¢ obtained, it goes to the next
ra, If an exact match ie not obtained, the
conputer searches the student's response for
the single keyword "slide," which if found,
will cause the computer to proceed to the
next rd. In this instance the keyword func-
tien enables the studsnt to capitalize
"s1ide" or put in punotuation such ae a
period without getting an incorrect response
from the computer. If the word "slide" is
not fouwnd in the student's response, the
material wnder the wn (unantioipated answer)
i8 typed out to the student. The instruction
to "press EOB" is a eimple operation used by
the student to transmit his response to the
computer. *

rd
fn s11de//001

Contents of slide 001:

Sometimes you may have material presented on a slide. It may be
text, or more frequently, it will be a drawing or picture. Often the
slides will be correlated with a hand-out that you will write or draw
upon as instructed.

When you have finished reading this slide, press: F.0B

*™N.B. All material in italics represents author's explanatory
comments about the stored computer program.
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LABEL  OPR MODE  ARGUMENT

rd Read the material on the slide. When you have finished,
press: EOB

fn slide//2x

qu There is another way that you will be presented
material on some occasions. To find out what it is,
type: tape '
and press: EOB

ca tape

nx

fn kw//1

ca stape

un Reread the preceding information and type the word:
tape
followed by an: £0B

tapel rd
fn tape//001

N o

Contents of tape 001: 7)

A tape play-back is part of this system. The tape may be used to
help you with the pronunciation of the technical terms. Other times you
will be given visual materials, such as a slide, and the tape will direct
your attention to certain parts of a displayed slide.

fn tape//002x

qu If you would like to hear the tape again, type:
repeat tape :
followed by the standard: £0B
If you would rather go on, type: go on

ca repeat tape

nx

fn kw//1

ca wrepeat tape

br tapel

ca go on

un Reread the directions and type: repeat tape

or: go on
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= The prior sequence illustrates a
looping type bramch designed to allow
the student the option of repeating the
tape. If the student chooses to type
“repeat tape' the branch, br tapel will
be enacted sending the student back to
the label, (tapel) shown previously.

If the etudent chooses to go on, he
otrcumvents the branch and 18 sent on
to the next rd. Again the un ie inoluded
to take care of the possibility of an
unantietpated answer.

rd
fn s1ide/ /002
fn tape//002

Contents of slide 002 and tape 002:

Now read along on the slide with me. Throughout your CAl work you
will be asked many questions and you will respond by typing the answers
on the CAl typewriter. Sometimes there will be one question followed by
or preceded by some instructional material. Other times you will have a
whole series of questions, which will look a lot like a test-~but won't
be. . This CAl program is being used solely for teaching. A1l testing,
for purposes of grades, will take place in regular classroom sessions.

- -

fn tape//003x

rd Now we are ready to get into some of the substantive
material of the course.
Read pages 16-18 in Newby. Press: £08B
when this reading is completed.

br 1-1

The coding above tllustrates the
sequence commonly used to display a se-
ries of slides or tape recordings to
student. The blank rd i8 used much
like the title of a list which marks
out g series of slide and tape opera-
tions. In this case slide 002 will
be shown followed immediately by tape
002. After playing tape 002, the
computer will seek and position tape
003,
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LABEL  OPR MODE  ARGUMENT

1-1 qu 1-1. Following the normal pathway of sound, what are
the three main divisions of the ear?
ca outer ear, middle ear, inner ear
ty Correct. Let us look at the outer ear first.
nx
fn kw//3x
ca »souter,,middle,,inner
nx
fn kw//3x
ca ysexternal,,middle,,inner
un Incorrect. You should refer back to Newby pages 16-18

and try again.

The above sequence tllustrates a more
practical example of the keyword funotion.
Prior to the development of the keyword
funotion, the above question contained 40
alternative correct answers to antioipate
all the ways a student might write outer
ear, middle ear, imner ear, or external
) ear, ete. The variations in student

L correct regponses can now be anticipated

with two keyword funetions.

qu 1-2. What is another name for the outer ear?

ca external ear

ty Correct--that is, the first division of the ea*» is the
* outer or external ear.

wa external

ty External what? Try again and use the complete name.

wa pinna

wb external canal

wb auricle

wb external meatus

wb external acoustic meatus ‘

ty You are giving only a part of the outer ear. The

desirad alternative name includes all of the outer
ear. Try again.




nx
fn
ca
un

qu

ca
ty

br
ca

ty

br
ca
cb
ty
br
Wa
wb
wb
wb
ty

nx
fn
wa
un
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The prior sequence illustrates
the use of a wa-wb wrong cnswer
sequence. The course author may
anticipate any number of wrong an-
swers or partially right answers,
and provide additional clues to the
student as was done in the above
typeout ty. '

kw//2

sexternal,ear

The correct answer is external ear. Type it in.
1-3. What is the name for that part of the external
ear most visible and on the outside of the head?
pinna

Correct. Remctber that another name for the pinna is
auricle.

0-11

auricle

Correct. Remember that another name for the auricle
is pinna.

0-11

pinna or auricle

auricle or pinna

Correct. These are two names for the same thing.
0-11 |

lobe

gar lobe

earlobe

lobule

The ear lobe {two words) or lobule is on a small part
of the desired structure. Try again.

sf//50

pinna or auricle

You are less than 50% correct. Let's try a different
approach.
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0-10

OPR MODE
br

qu

ca
ty

wa
wb
wb
ty
nx
fn
ca
un

qu

ca
ty

wa
wb
wb
wb
wb

ty

nx
fn
Wa
un
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ARGUMENT

0-10

What is the term used in Newby's Fig. 2-2 on page 16
for the externally most visible part?

auricle

Correct. Remember that another name for the auricle
is the pinna.

external canal

outer ear

mastoid cells

Reread the last question and try again.

kw//1

sauricle

The correct answer is the bottom label on the left
side of the diagram. Type this correct answer.

1-4. What small structure of the ear divides the
external ear from the middle ear? (You need a
SPECULUM to see it.)

tympanic membrane

The tympanic membrane (abbreviated T.M. or t.m.) is
the term we will be using. Less technical, but
respectable names are "eardrum," "drum membrane," and
"eardrum membrane."

eardrum

drum membrane

eardrum membrane

ear drum

¢ar drum membrane

This is correct; however, a more technical name that
we shall be using is TYMPANIC MEMBRANE (abbreviated
T.M. or t.m.). Please type: tympanic membrane.

sf//50

tympanic membrane

You are less than 50% correct. What is the first
structure that sound waves cncounter as they pass
inward beyond the pinna?
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LABEL  OPR MODE  ARGUMENT
un Following Newby's diagram on page 16, what is the first
normal structure that you would encounter?

The audiology course employs some
interesting displays used by the student
at the termnal. In addition to pie-
tures and diagrams of the ear the
student works with plastic models of
various parts of the ear, and a human
skull. A large number of slides are
going to be prepared to help the student
visualize the numerous parts of the
auditory system.

Modern Mathematics

Prepared by:
C. Alan Riedesel and Marilyn Suydam

Theoretical Premises

The strategy of instruction for the CAI Modern Mathematics program
uses several basic assumptions concerning the teaching-learning process.
These are

1. Hathematics is best learned when students are encouraged
to discover the basic ideas, laws, or principles of mathe-
matics. Thus, students should be given a chance to solve
a ngq problem rather than be first "shown" how to solve a
problem,

2. The reason for studying a topic should be mada clear by
the manner in which 1t is introduced.

3. Individuals vary in their receptivity for learning.

Effactive Tearning is continuous and developmental in
nature; thus, previous generalizations and facts are help-
ful in developing new generalizations.

5. Continual failure by an individual makes for ineffective
learning.

6. Active participation by the student tends to produce an
effective learning experience.

7. Knowledge of ona's progress contributes to effective
learning.
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A belief in these assumptions leads to a teaching procedure in which
the student is presented with a problem that can be solved by his use of
previous knowledge and his thoughtful discovery of the next step of know-

ledge in the subject.

This approach can be called an inductive approach.

A deductive approach is usually used in programed materials. The
following diagram contrasts these two approaches to teaching mathematics.

Inductive Approach

Student is presented with

a problem,

If problem is solved by
student, he is led

to refine his procedure
for solving problems of
this type.

Student is asked to de-
velop a generalization.

Student is quizzed con-
cerning aspects of the
generalization,

If student cannot solve
problem, he 1s asked
developmental questions
which lead to the
solution. Student
solves similar problem.

Deductive Approach

Student i3 presented with
generalization.

Student is quizzed con-
cerning aspects of the
gencralization,

Student is presented with
i1lustrative problems in
which the process of
solution is explained to
him,

Student applies the gener-
alization to solving
problems.

The Modern Mathematics program attempts to make use of a teaching tech-

nique similar to the inductive pattern.

for classroom use is as follows:
Purpose of the lesson: To develop an understanding of the use of
the inverse (reciprocal) in dividing

rational numbers.

An iliustration of such a pattern

The teacher stated: "We've been solving division problems 1hvolving

the use of rational numbers in several ways.
a more efficient method of solution.

write 6 + 3/4?"

Now let us see if we can find
What are various ways in which we can

The following ways were suggested by the students:

(a)
6 ¢+ 3/4 =N

(b)

4 -
7

(c)
3
Y6

6
The teacher said: "Look at Form (b) "3 . If we could reduce this

fraction, we vould solve the problem.

What would be the denominator

o “"1at would make reduction of the fraction simplest to perform?

ERIC

IToxt Provided by ERI
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Pupils suggested that the casiest fraction to reduce would be a
fraction with a denominator of 1. The teacher asked: "How could we
change the denominator from 3/4 to 12"

Students recalled that by multiplying by the inverse--the reciprocal
of 3/4, which is 4/3--the denominator would be 1. Pupils then said that
if the denominator was multiplied by 4/3, the numerator would also have
to be multiplied by 4/3 (an appiication of the role of the identity element
for multiplication which is 1. % is another name for 1).

3
3
The resultant problem was written on the chalkboard in the following form:

6 x %

3.4

X3
Students continucd to work division problems in this manner for a time.
When the teacher felt that the students had a good understanding of this
approach, discussion and guided questions were used to develop the idea
that 1t is not actually necessary to write all of the material--actually,
inverting the divisor accomplishes the desired result. Thus

5+%=5x~2|-=10

5 x %
T.2
7XY

A teacher using a deductive format for the teaching of inversion
would have first explained the approach to the class and then had the
students practice its use.

Certain problems have arisen in the course of applying this theory
to the writing of the program in modern mathematics. Initially, to trans-
fer a concept of an ideal situation to a programing mode is difficult
because of dealing with an imaginary student. It is especfally hard to
anticipate student answers; the possibilities seem infinite at times.
There is the tendency, therefore, to write a lincar pattern with many
miltiple-choice items. The linear pattern assures us that everyone will
see the (sometimes) clever things we've written. The multiple-choice
item 1imits the student's choice and therefore the difficulty of having
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to deal with the unanticipated when, by definition, we can't anticipate
1t! Partial answer processing functions have helped with this problem
to some extent.

Another difficulty in a course designed primarily for future teachers
is finding real life situations which make sense to adults and also which
can be applicable at an elementary level is apparent. The transfer to a
real elementary classroom situation 1s essential; hopefully the method by
which the material is taught to teachers will affect their own teaching
procedures.

Some difficulty has bcen met in determining "size of steps"--asking
the questions which lead from one point to the next. This has involved
a value Jjudgment, and we find that step size varies with type of material.

An even larger problem has been that of attempting to determine the
patterns of learning for various students--taking into account individual
differences. The amount of practice and remedial material, the type of
vocabulary, the type of learning structure--in short, the needs of indi-
vidual students must be taken into account. Some branching opportunities

~are provided on the basis of each of these variables and more should be
added as we analyze student records.

Traditional materials provided little real help except in terms of
basic content since they operate from a different framework. Meaningful
problem situations are generally lacking in them; deductive, rule-stating
approaches are generally used; there is a heavy emphasis on vocabulary
rather than on concept-formation. We have visualized a good teaching-
learning situation, on the other hand, and have tried to lead the stucent
to discover concepts and broader principles.

We feel hampered by the lack of ability to allow a student to be
"creative"~-he must conform to our expectation of what answers are prob-
able, possible, and acceptable. There is definitely a need for additional
contacts with a teacher and/or other discussion situations to allow
questioning, even more inductive problem-solving, and creative thinking.
Structuring the program through an "inquiry" or "discovery" approach
seems vital to counteract, in part, this handicap.

Scope and Sequence

" The Modmath Program provides the background for understanding
[jR\ﬁjnthematical content and concepts of the system of real numbers and its
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component systems, including basic set theory, varying numeration systems,
operations, properties, and algorithms. The program is developed with
reference to teaching in the elementary school.

The breadth of the program proved to be a limitation-~this is a
great deal of material to program. The pressure produced by volume was
compounded by time--the need to complete a first draft of the entire pro-
gram within the specified number of months. Because of this pressure,
much more of a Skinnerian or linear program (with comparatively few
branches) resulted, and the potential of CAI was not fully utilized.

The writing is not as creative as it might be; it takes a vast
amount of time to develop original approaches. Complete utilization of
available functions has not been possible. In addition, the increase of
available functions has changed the possible format of the program; we
have found it impossible to keep each segment rewritten in terms of new
formats subsequently issued; as a result, the treatment of material in
some chapters i{s far more precise than in others. For example, the first
chapters were written before partial answer processing of answers was
possible; therefore, the number of short answers, requiving exact matching,
is greater than in later chapters.

While the details of our procedural steps for each chapter differed,
they might be roughly or approximately outlined as follows:

1. Develop outline with the amount of detail differing with
the topic. Use was made of two basic sources--Theory of
Arithmetic, by Peterson and Hashisaki, and Arithmetic and
Its Structure and Principles, by Mueller--and many additional
suppliementary references.

2. Delineate principal questions, which lead to development
of the content in the outline.

3. Complete the writing, using Coursewriter instructions,
branching to meet individual needs and so on.

4. Reread, then rewrite; reread, then rewrite--generally two
or three repetitions of this are involved at this stage.
Discussion between the authors was important here as at
other stages.

5. Have program typed; reread for accuracy and make any changes
apparently necessary.

6. After the program is in the computer, at least one rereading
is necessary, reading for errors in input and any other
errors that are apparent; then rewrite.
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7. After students have worked through a section, more revision
1s done in terms of their comments and answers, which are

analyzed and evaluated. (Continuous evaluation and rowriting
1s, obviously, necessary!)

The Coursewriter which is being developed by IBM should prove very
useful: the difficulty that we have found is that it is being written as
we go along. The continual change of functions, and in particular the
addition of functions, implied virtually continual rewriting. We felt
negligent for not using all of them, even in material that was being
written concurrent to their appearance. Yet we couldn't possibly keep
the program in all ways up to date and stil complete the total first
draft.

The material which seems to be in the computer is not always what
s actually there: the typewriter keyboard may be handled in various
ways. For instance, 